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Introduction 
The ut i l i ty  o r  D N A  n i i~ rkc rs  to construct dct i~ i lc t l  genetic tniipa Irirs hcen 
demonstrated i n  rnitny c rop  species. ' l ' l~e appl ici i t ior~ o f  thcac niiipr i ~ n d  
D N A  probes i n  breeding research has been dctnonstr;rtcd for p;trct~tal 
evalu;rtion i n  I:l hybr id  m i~ izc  hrccding ( W ; ~ l l o t ~  and t l c l cn l l ;~ r~ \ ,  10157). 
;inaIysis o f  genetic contro l  o f  i~u :~n t i t i ~ t t vc  cIi;~r;ictcr~ 111 totn;~to (1';11c~rho11 PI 
(!I., IOXX), i tnd tlie proviaiotl o f  selection 'lirgh' for  i~ i rpo r t i l r~ t  ~U:I~III~IVL' 
genes i n  rice (Yu cs/ (it., 1091). Tt lc new dcrisc gcrlctrc 111;rps liavc al51.l fc)und 
a p p l i c ~ ~ l i o n  i  tl ie rcaolirlioti ol' sonlc ol' l l ic outstanding questions frorn 
classical gcrlctic studies. s11cl1 as dcmon>trirti l ig intcrgcn~.)rl!ic relatronships 
bctwecn nlaizc and sorghum (Hulhcr t  ct (11.. 1990). and bctwccti tomato and 
potuto (Bonierbnle (,r 01.. 1988 ; Gel>ll:lrtlt i p t  cil., 1001). thc cl11irrltilica1ron 
o f  sex dill'erenccs ill recotnhin i~t ior~ r i~ tes  in  tonlirto ( D c  Vtccnlc i i r i i l  Ti tnka 
Icy, 1991) and the description o f  c v o l u ~ i o ~ i i r r y  I r i r~ t \ l oc ;~ t~onb  111 HIIC;I~ :itid 
rye ( L i u  t.1 (11.. 1002). 'Tlic use o f  ~ i i i r l > h  itr gcnc isol;~l~t)n, by p r o v ~ d ~ l i g  
Innd~narks for D N A  willking. wi l l  soon bc t l cmo~ is t r i~ tc i l  III crop pli1111h .is 
has i~ l re ;~ t l y  becrr ircliieved wi th  rniimm;~li;in 1:clleh ( O r k ~ n ,  I')Xh). 
T l lc  strategy for  rapid developt~~cr i t  o f  a nciv III;III o f  nrirxlI1iutli ut1111y ill 
hrccding dcpcnds o n  t l ~ c  degree ant1 nitr irrc o f  ttic ~)o lyrnorp l~ lar l l  :~v:rrlablc 
F o r  exaniplc. ;I rclstivc liick 01' po lyr l ior l> l~ isn~ irntollg lornitto b.rrrc.llcs 
ncccssiti~ted ttic uhc o f  i i n  ir~terspec~lic ross (I1clc1it i ;rr i~ ('I (11.. li)SO: 
Bernatzky and 'Tn~rkslcy. I9XO). while thc high lcvcls ol' I<r:1.1' av;lrl;rl)lc 111 
riiaize allowed a choice ol' ni i ipplng popul;~tiona ol' direct u t i l i ly  to brccdcrs 
(Helentjaris, 1987). 'I'lie prcdomin:~~i t  source of' RI:l.ll. either bi~hc-pur 
mutations such as iri comlnon bc i~ r i  (C'liasc (,I (11.. 1001) o r  deletion:insotton 
such as i n  rice (McCouch r1 ill., 1988) wi l l  also determine screening slrntcpcs 
dur ing map  development. The exper i rnc~~ts dcscribcd below wcrc carried e)ui 
t o  determine these statistics ill pearl millet, P~)r)li.sc,tru~r f i l t r r c i , ~ ~ ~ ~ ~  
Pearl mil let is o f  m i ~ j o r  in ipor t i~ncc i n  low ra i~ l l 'a l l  ;irc;ls 111 Asla i tr~d 
Afr ica and th t re are many breeding i i t ld resc i~ rc l~  ii l)l)Iicatiol~s awa i t~ng  tltc 
dcvelopment o f  niaps anci polylnorphic genetic rn i~ rkc r  syatcrna. 
Materials and methods 
77/833-2* I(.!vll' 42.\. l ( - ? l I v  4TI. ; I I~I~ K 5 0 0 .  ( L J  [our I1)hrrds. IC'MtI 
423fr011i p:irctr[\  MI\ Y4l ,IIILI l('\Il1 4.:;. l ( ' h1 f l  451 IIIJI~~ pirrcnls 8 l A  
(= IC'MIZ-I) ,111d IC'111' 451. 1iK i (10  II{III; pLl rcr~t \  5141 I \  ,rttd K SO0 . and 
HHU 67 I ' ro~n  parcrlrj 843.4 .11i\l t 1 7' ?;;-: . :\nil I C I  f ~ \ c  other petiot)pes : 
700051-I* 117-3, 7043S)-I,  l ( ' ?v l l '  f54IO. ,II!C! ! l . ~ ~ l ~ l ~ l i ~ l O ~ - l  ( , hbrc\~;rtcd to 
L.GI1-I bclc)w~, \ c I~c tcd  'I\ ~>I)ICII~I~II p.1tc111> !,,r I I I ; I~~I I I~ ~CI~>~I I~~ I I (~~ I \  dnd 
to .Ih>C\\ 1I1c lc\cl  t 1 r  p ~ ~ I ~ ~ l l ~ l l ~ > l l l . \ 1 l l  I l l  ~ .< : - ,  \ l l ~ * , ~ ! \ C  2r11,,:\pc\ 
11 gcno~ti ic 11hr:rry all. 11~00 cIo11c~ A,!, ~ $ > V , , - ~ I ~ I L  i~ .c I  n 1 t I 1  t01.11 pI,rt11 I I K A  
cxlractcd fro111 Icclvi'\ ul' r l ~ c  pc;lrI tn11li.i <c,I:l)i!p; ~ U J ~ I S I - I  I 50:1g D N A  
\v;r\ cltgcstcd \\it11 100 (. l ' i~l I < )  LOI~~/>IC[IO:I .111i1 > ! I ~ I C C ~ C ~  to elcctrophores~s 
oli I ",,) ;ig;lr{v.c gel I Ill. I ) \ , \  ti.,tgtilctit.. 11; : l i i  ,I/\. r<itIgc o f  SUO-30()0 b p  
wcrc c ~ i l l c c ~ c ~ l  u\~r!;- 1)1.:\1 I ~ I ~ . I I I ~ ~ I , I I I ~  I lit, j r i t l t I ~ ~ J  Ir.~pttIctIt> \kcre ligated 
rrlto 111c I'\II \ILL. (11' lJt  ( ' I S  pl , t \ t~ !~<i  \ c ~ i o r ,  I l l c  /. ~ o 1 1  haicterral btrdtn 
l)ll5;1 \ 4 L ~ L ,  l r , t t ~ ~ l ' ~ ~ r ~ i i c ~ l  . I I I~  p l ~ t c ~ l  ot11 1111 hg:11 1W"i ; i n l p i c i ~ ~ i n  1-13 p1ates. 
In~ l i \ t i l r l ;~ l  c (~ l r )~ i t c>  \r.i.rc 1>1cki.J 0111 ,1114 g r<n \ l l  111 5 ni l  LH con ta~n ing  
IO,rp 1111 C , I I ~ . ~ I I L I ~ ~ I I ~  I l l i l \ c  ~ l r , r l c \  i ~ ) l t l . t ! ! l l l l f  I ~ ~ p t t I y  r r l xa tcd  wquences 
ucrc ~ c l c r i t ~ l i ~ ~ l  !I> r : ~ r i \ k r r ~ ~ ~ : ~  I J \ t 1  t I l g c \ ~ t ~ I  P .IZI~IIJ r ~ r ~ r \ t - ~ ~ r e p a r i ~ t ~ o n ~  f rom 
I ' 0  t q c  < I  I '  I l h  \ 11!1(11i n i c t ~ ~ t ) i . ~ ~ i c > .  and I i yh r ld i r~ng  these 
\vttli ll~1c111 r c \ ~ r i ~ . t ~ . d  101.tl gcticltrlli I)\!\ Tl ic rem.llnlng putative low copy 
lu\crt, \\L,I., l ' ~ ' l < - , ~ r ~ i ~ ~ I i l i c i i  t l ~ r e ~ ~ t l >  
Mcthodh I'or ~)I.II~L I)$:\ I\(~I.II,OI~. ~SI I I IC I IO~  ct1/y111e reactions. gel elec- 
trophot~c\is. S o u r h c ~ ~ l  lr,~ti>l'~.r. jrtohc latwllttig  rid filter hybridization were 
:IS dc\cr~hccl h! Sti.lrp ( 1 1 .  I IL)SX). ur rh IIIC moclific;i~ron that Hybond  N' 
nylon ~~~cn ih r .~ r l ' a  ncrc ubcd .\t'tc~. I iyhrtJ~/.t tron the ~nenibranes were fint 
\v;r:,licd ~ \ i l e c  111 7\SS(' ,II~L! 1 ( ' I ,  S I X  for I 5  1ii111 cilch i l t id then followed 
I>)  t u o  \ \ . ~ \ l ~ c \  In 0 \ S S ( '  .r~id I " ,) SIIS l'c,r I 5  nirn rech at 65 'C. 
Results and discussions 
Genetic rnilterials Ccnvmic clonrs 
A diverse rilflgc o r  19 genotypes were studied. irlcluding (a) live n!:~l~~tir incr 
lines, a l l  w i th  T i f t  238 (registered ;IS T i l l  23DI%,. I3urton 1000) 111 their 
pe$grces: T i f t  23DB (registered :IS T i f t  23 UB,, Hurton 1909) i:, ;I backcross derivative o f  ' r i f t  230 ; 5 141 8, i t  hackcross ol"l'ift 131) wi th  ;I dour ly  mrldcw 
reslstilnt source (I'okhriyal 1.1 111. 1070 : 1):1vc. 10x7) : l C M l 3  341, rcportcd 
to he ;I selection f rom variability wit t i i l l  5141H ( S i ~ ~ g l i  ('I 01.. IL)OO): 8111 
(= ICMB I), reportctl t o  he n rnutat ion ol' T i l i  230U (r'g~stcred ;IS I('MI3- 
1, Kutnar  ,I ~ 1 . .  19x4) ; i111d X43B ( =  IC'MB 2). derived l'rom crossing l'il'l 
Z ~ D B  a n d k  ,85642 (ICKISAT. IVXS); (b) l ive rcstorrr lines: )I I(*. 11 
The u:,~ 1.11 Phtl to gcnrratc thc Fcnnrnrc D N A  fragments fo r  cloning 
follow:, the Jclnonstr.~t~un t1i.11 C'G-TICII r i ict l iy lat~on sensitive sites are 
porlicul.~rl!, cll'cctivc 111 cnricli111?: Ilbr,rrica for l o u  copy clones i n  several 
specre:,. c.g, l'htl ill I I~ , I I /~  (l+urr 1.1 ti/.. I')SS) and ria: (McCouch rr a/.. 
198s) and Hp.111 111 \ r l i c i~ t  ((.'lieung (11.. IOO!). I n  ~w i r r l  tnillel this strategy 
IS part1cul:irly clYcc~t\c h~ricc L)III! I I ' ' 0  01' the clones give significant signal 
\the11 11) hridi/cJ \ \ t i t 1  total 'gctn1111lc LINA. I'hc rctna~lr ing cloncs. o f  which 
200 were ;~n.rly/c~i. dctcctell arnglc ci)py seiluences (83 %), 2 t o  4 c o p y  K- 
quences (8 %) ;rnd 5 to  I 0  copy sequences ( 0  '%). These results intlicnted 
tllat this strategy for  l ibrary protluction is ol' s in i i l i~r  elfic;~cy a& i n  to111n!o 
(92 % single copy, l'ankhley c.1 ul., 19x7). and much more c lkct ivc  t h i ~ n  In 
rice (58 %, Mc<'ouch c.1 ( I / . ,  IOXX), or  w11c:lt (40 'YO, Devoh rt 01.. I W ) .  
Since pearl ~ n i l l c t  h;ls ;I I;~rger gcnonlc, IC' ; 2.5  pg ( I 3 c n 1 ~ t l  : ~ n t l  S l n ~ t l ~ ,  
1076)T thi111 rice. I C - 0.5 ( A r t t ~ i ~ ~ ~ g : ~ n ; t t l i ; ~ ~ ~  :IIKI t: irIc. I00 I ). t11c I'rcc~~~cncy 
of' sir~gle copy sequence5 pller:ktctl hy I'stl w(ruld ul>l>c:~r not tu he clilcctly 
related to gcnolllc s i ~ c .  
l r v c l  and nnturc of KFI.1' 
O f  ;ill the 200low-copy prohes, only 15 'YO I';~ilctl tn rcvc i~ l  any KF1.P 
among the 19gcnotypcs wi th  the use o f  two rc.;triclio~i rwymch.  'l'hc 
remainder revci~led polyn iorphis~n ;Imorlg these genotypes w ~ t h  ;it Icnbt onc  
o f  two enlymcs, wi th  .In iivcrngc ~ x ~ i r - w i s c  polymor l>I i is~ l~ hctwccn ;III ~ l i c  
probc-cnzy~ric con~binations ol' 50 '%, (35000/(,.1?40 colllp.\rlsonx) 'I'liis Ircr- 
ccniagc is much higher than [hi l t  I'ountl in Iicxuplo~cl wheat (('IILIO c.1 111.. 
198'9; Dcbos ($1 111.. 1002) ; ~ n d  !>i~rlcy (1lci111 1.1 0 1 . .  I001 . Gr.~ncr  t.1 i i l . ,  
1001). ;111d sirniI;~r to  111i1i~c ( i lc lc111~;1r1~ 1'1 (11.. IWS : 1 ~ v o I ~ 1  ,,I i l l . ,  lOX(r) .  
As  has hccti dc~~ lons t r ;~ tcd  111 o t l ~ c r  spccics. IIIC observ;~tion 01' an Itl-1.1' 
i n  any pair-wise genotype co~npariaon i n  any r>ne rcstr ict~on (ligest \\;I!, 
l ikcly to  hc rcpentcd when ;~nothcr ~.cst r~ct ion cnaql1ic W;I\ uscd. 'l'11c.c 
r c l i ~ t i c ~ ~ ~ s l ~ i p s  i ~ r c  s11ow11 by the ~ ig r i i l i c~ tn t  co r re l :~ t i t~~ l  c o c l l i ~ ~ i ~ ~ ~ t s  III 'l';~hlc 1 
(notc t l i ;~t ;I r v;~luc o f  0.44 i~~d ica tes  t h ; ~ ~  ;III I<l:ldI' \\ 1111 l;co1<1 1.i ; I ~ ~ I I C I ; I I ~ ~  
w i th  311 KF1.P dctcctcd w ~ t h  iinothcr c11/y111c I 0  ':;, (I'') 01' lhc t111ic). 'l'licbc 
rcl;\tionsliips wc1.c riot. howevcr, alw;~ys clue to t l ~ c  clill'crt.~~t c ~ ~ / y l l l c s  rcrc.1. 
l ing the *;IC i I c l c t i u ~ ~ / i ~ ~ a c r t i o ~ r  cvcrlt. Sucll a c;~sc ih hllo\rn ill I .I~III~ I 
wlicrc. for ex;~~nplc. ;~lthougIi  hot11 t c ~ l l l  i ~ n d  I icol<V clctcctcd ;I d~lfcl.cncl: 
hetwccn L ( i V - l  and Til't 2311B. the two R1;Ll'r ;ire I ~ k c l y  to he Juc to 
diNcrcnt b;lsc pair rnutalio~l/substitt~tii~~i events slncc 'I'it't 23LIH II;I~ [lie 
largcr hybridizing band wi th  EcoRl  and ;I s ~ r ~ ; ~ l l e r  sum of' hybr~diz in j i  hu~lds 
wi th  EcoKV. If the l IF1.l '~ were due to the same i1iscrtic7nidcletiurl evcrrt 
the band s i ~ c  dilTcrencc would h;~vc bee11 cxpcctcd t i )  bc si1111li11' w1t11 hot11 
enzymes 
A survey o f  KFLP observcd wi th  a sample o f  genotypes and probcs 
showed that o n  73 %I o f  occasions either R F L P  was detected wit11 only unc 
enzyme o r  that large ditt'erences i n  thc relative fragment s i ~ c s  werc obscrved 
wi th  dilfcrent ctlzymes. This vitluc o f  73 % tc bust-pair )I situ;~tions is likely 
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Minimum distance between clusters 
l o  he ;In ovcrc.stlm;lte but docs iridic;~tc. rhr~t  ~f any probe is considered 
critlc;~l i n  ;in in\estig;ltiorl hut no RFLP was observcd i n  a first screen with 
(1 I~n l i tcd nun~t?cr ol' cn/qrnc; thcr~ thc use of' further enLynies to reveal 
KFLI' is l ikcly to l w  rcu;~rt l i l lg This cor~c lus~on is supported by the lack 
of rel;ltiotiship bctwsc~r average I'r;~grnent w e  ; t r ~ t l  l<f:I.I' Icvel dc~cctccl by 
dilrercti l rcstricliotl en/yllics (.l';lhIe I ) ,  w h ~ l c  such o rcl;tt~oiisll ip 11;ls 1)cen 
A.-rn<>nstr;~ied ill xver ;~ l  other species (Mc('oucl1 r r  crl., I088 : (ir:tilcr 1.1 (11.. 
Genotypic comparisons 
The most inforrnativc prohc-enzy~nc co~r ih~n; t t~on I h r  c;tcli ul' ~ h c  ?.(1(1 13rohch 
was uscrl for gcr~otyplc comparisons hy cluster onif diasltnilarity :~ri;~ly"l" 
(SJS, 1089 ; F lorck  cpr <I/., 1951 ). 
*The l ivc ~na i t ~ ta i ns r  l i ~cs. which ;ire ;ill rcpor lcd to h:tvc 'I'll'! 2313 I n  t hc~ r  
anccstrics. f;~ll, as expected, i t i lo  one clustcr (Figure 2). Tl ic t l t s s ~ ~ n ~ l i ~ r ~ t y  
coellicients for this gruul) are shown ill ' l ' ;~ l~lc 2 .  
Fig. 2.  Dcndrugrsm shcrw~ng Ihc cluslcrs klrlnctl hy ibe gcnol)[h. urlng ?ln&!lu tinl:lye 
clurIcr Thc 15 possible single rncmhcr clurtcrs arc >how11 by 1111: dolled i ~ u o .  IIII~II~CS 
k t w c e n  (her cluslers arc lndicntcd hy the hars. Thc cluslur 01' five llldlc-rlcrllu tlnc 1lIdlnlalllcrS 
&hrdcd in #my). and lhc clurlcr oi' i'our reshlrcr ltllrs (110 slli1Jl11~ v e l l l l l i l i l y  ~illll o fllrnl 
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1)ctwccll XI13 iI(.'!vll4 1 1  <ll l<l T l f l  ?:1)14 l l<, l l  <lll<i l ~ ' l l 1 1 1 < 1 ,  1990) 
C'~I)I~(II .\OII.I , I / '  1.1 / ~ j , l > r ~ d  c ~ ~ ~ ( /  I/IL,I~ p ( , r ~ t ~ [ \  
'I'hi. greatest d t \ \ l i n ~ l ~ r ~ t \  c o c l t ~ ~ ~ c ~ i t  ,\ll<i.~\t~l I>ctwc.en two I~nes i n  this 
study \;.IS 111 11ic <;lit of ~ 1 1 3  .lilt1 I(..Cff' 451 (11  761. u t ~ ~ c h  are the parenls 
I I r e  l 1 1 1 1 l r  1 h r 1  1 1 -  I I I ~ c  COCI I~CI~~~S o f  dissimi- 
1;1r1t) I~cr\rcc.rl th r  p;~rcnt,tI r~ )mp. l r~r t ]n \  ul' I I H  t3 07 and H K  560 were also 
IIIIICI~ 111gI i~r 1 l i ~ t 1 1  IIIC .I\S~.I$C O \ C I  1111 Llii' I c J  $i'~ioL)l)e\ 111 the study (0.64). 
I l i e  onl. c\i.cl>tlon \rd\ 111 tlic c.trc 01 I ( ' ~ l 1 1  423, where diss~milar i ty 
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